Many deaths among patients treated in intensive care units (ICUs) occur following the withdrawal or withholding of life support. Following limitation of life support, most of these patients die in the ICU or ward after the decision to limit life support is made, although some may survive to hospital discharge. This study described the characteristics of patients who had life support limitations in ICU and their subsequent in-hospital and out-of-hospital survival using linked data from the state's death registry. Among 26,019 ICU admissions between 1987 and 2002 there were 396 patients (1.5%) who had life support limitations. The hospital mortality of the patients who had life support limitations was 97.7% and this accounted for 16.2% of the hospital mortality of all ICU admissions. Of the 396 patients who had life support limitations, 315 patients (79.5%) died in the ICU, 72 patients (18.2%) died in the wards and nine patients (2.3%) were discharged from hospital. Of these nine patients who survived to hospital discharge, four died within 10 days of hospital discharge and a further two died within six months. There were two patients, both with significant neurological disabilities at hospital discharge, who survived for longer than three years after hospital discharge. Longterm survival in critically ill patients who had life support limitations was very rare in this ICU.
Limitation in medical therapy, either by withholding or withdrawing life support, from patients in the intensive care unit (ICU) is recognised as part of the normal spectrum of clinical practice 1, 2 . Such decisions may be made by the patient provided he or she is competent, or by families and clinicians where patients are incapable of making the decision. The decision to place limits on the treatments provided to a patient requires careful judgement. The reasons to withhold or withdraw life support often relate to a judgement that ongoing treatment has become futile due to poor prognosis of the acute disease, failure to respond to the medical therapy, or severe underlying chronic diseases with poor quality of life before ICU admission 3, 4 . It is impossible to estimate the validity when such judgements are made because the decision to withdraw often leads to death. Many ICU clinicians are aware of anecdotal reports of long-term survival after limitation of life support in the ICU. A high incidence of such events would raise concerns about the validity of judgements that are made to limit life support. However, published information on longterm outcome of critically ill patients with treatment limitations is very limited 5 . Previous studies have reported that outcomes after treatment limitations can be variable but in general, hospital mortality is high. Nevertheless, medium-term survival of up to one year in patients who had been refused admission to the ICU has been reported 6 . We conducted a cohort study to evaluate the outcomes of critically ill patients who had life support limitations in an Australian of patients who had decisions to limit life support and we examined the in-and post-hospital outcomes of these patients.
MATERIALS AND METHODS
This observational study utilised the clinical database of the ICU at Royal Perth Hospital in Western Australia. This database contains demographics, Acute Physiology and Chronic Health Evaluation (APACHE) II score and the associated components 7 , admission diagnosis, daily assessment of organ failure and therapeutic interventions, ICU and hospital length of stay and outcomes, and the decision to limit life support. These data were collected for every ICU admission between 1987 and 2002. The APACHE II data were collected on ICU admission and after 24 hours and the daily assessment of organ dysfunction, therapeutic interventions and decision to limit life support data were recorded at 0800 h each day during the ICU admission. The project was approved by the hospital ethics committee and the The study cohort comprised all patients with a decision to limit life support in the ICU database.
the characteristics of the patients who survived the hospital stay by reviewing their medical records. Using a standardised data abstraction form, we recorded the ICU diagnosis, co-morbidities, complications during the hospital stay, reasons to limit life support, modes of life support that were withheld or withdrawn, the timing of the decision in relation to ICU admission, persons responsible for the end-of-life decision, whether the decision was revised during the hospital stay and the hospital outcome.
index ICU admission. We used the co-morbidities Charlson co-morbidities and also the Charlson Index to describe the burden of chronic diseases of our patients. The Charlson Index was developed to predict one-year patient mortality using comorbidity data obtained from hospital chart review. The Charlson Index is a weighted index of 19 comorbidities (with comorbidities depending on the severity of illness). The comorbidities are assigned weights of 1, 2, 3 or 6 based on the adjusted risk associated with each comorbidity ( Table 1) 9 . Continuous data with nearnormal distribution were analysed by t-test or analysis of variance. Categorical and continuous data with a skewed distribution were analysed by chi-square and Mann-Whitney test, respectively. All tests were twotailed and a P in this study. All data were analysed by SPSS for Windows (v. 14.0; SPSS, Chicago, IL, U.S.A.).
RESULTS
There was a total of 26,019 ICU admissions between 1987 and 2002. Among these admissions, 396 patients (1.5%) had life support withheld or withdrawn in the ICU. The hospital mortality of these 396 patients was 97.7% which accounted for 16.2% of the hospital mortality of all ICU admissions. The patients who had life support limitations in ICU were older, more likely to be an emergency ICU admission, had a higher severity of acute illness and more co-morbidities. They also had a longer length of stay in ICU and much higher hospital mortality when compared to the ICU patients who did not have life support limitations ( Table 2) .
Among the 396 patients who had life support limitations, the majority of them died in the ICU (315 patients, 79.5%). Seventy-two patients (18.2%) died in the ward following discharge from ICU and only nine patients (2.3%) were discharged alive from hospital ( Figure 1 ). When comparing the nine patients who survived to hospital discharge to those who died in the hospital, the decision to limit life support was made at a later stage during their ICU stay than those who died before hospital discharge. These nine patients were associated with a much longer ICU and hospital length of stay when compared to the patients who died in the hospital. Furthermore, this group of patients also had more comorbidities as measured by the associated number of Charlson co-morbidities and a higher Charlson Index ( Table 3) .
Four of the nine patients who survived to hospital discharge died within 10 days and a further two died within six months of hospital discharge. One patient died 3.5 years after hospital discharge and the other survived for three years at the end of the follow-up neurological disabilities from a cerebrovascular accident when they were discharged from the hospital. One patient who also had severe neurological disability after a cerebrovascular accident was lost to follow-up because of transfer to another hospital in New South Wales, and as such, the length of his survival after hospital discharge could not be ascertained. The characteristics of the nine patients who survived to hospital discharge are described in Table 4 .
DISCUSSION
Our results showed that the decision to limit life support in our ICU was not common, but accounted mortality of all the ICU admissions. Older age, severe acute disease and co-morbidities were associated with the decision to limit life support. Most of these patients died in hospital after the decision to limit life support was made and long-term survival after hospital discharge was very rare.
Limitation in medical therapy, either by withholding or withdrawing life support, in ICU is common 1,2 . The incidence of life support limitation in our ICU was low (1.5%) compared to other reports in which the incidence varies between 2.9% and 22% 1,2,10-13 . This difference in clinical practice in end-of-life decision, of limitation of life support. In this study, we have only included those patients who had such a decision documented in the ICU database and medical records. It was likely that the actual incidence of limitation of life support was higher than we found but many of these patients were not documented in the ICU database or medical record. Limitation of life support was only documented in the ICU database at 0800 h each day. As a consequence, many patients who had limitation of life support after 0800 h and died or were discharged from ICU before 0800 h the following day may not have been coded as having limitation of lifelife support is very variable among different health care professionals 3, 4 . Withholding some forms of life support such as cardiopulmonary resuscitation may not be regarded as a limitation in life support by some ICU physicians and hence not documented in our ICU audit database or patients' records. much more common among patients who are older and those who have more severe acute and chronic diseases 11, 13, 14 . We also showed that the decision to limit life support in our ICU was made later than those reported from a New Zealand ICU 14 a difference in clinical practice in end-of-life decision between Australian and New Zealand ICUs 4 . Our results showed that patients who survived to hospital discharge had a decision to limit life support at a later stage in their ICU stay. This suggests that clinicians in our ICU tended to make end-of-life decisions at a later stage in patients who might have a better chance of recovery and, therefore, these patients were more likely to survive to hospital discharge despite a decision to limit life support. Although most of our patients who had life support limitations eventually died in the hospital or shortly after their hospital discharge 11, 14 , long-term survival of more than three years was noted in two of the patients who had life support limitations. In the two patients who survived longer than three years after hospital discharge, both had severe neurological disabilities when discharged from hospital. Whether they had made further neurological recovery after hospital discharge remains uncertain. The outcome of these two patients suggested that prognostication of the longespecially among individuals who have neurological disabilities. This study has some limitations. First, this was a single-centre study and therefore the results may not be generalisable to the other ICUs. Second, this was a retrospective cohort study. Some of the patients with by the ICU audit database and therefore the actual incidence of life support limitations was likely to be higher. Third, end-of-life decision is a complicated process. The length of survival, either within the hospital or after hospital discharge, is only part of the consideration in the decision making process. Quality of life of the patient and burden on the families of the patients are also important factors that have not been investigated in this study. The effect of critical illness with or without life support limitations on the quality of life of our patients deserves further investigation.
CONCLUSION
The incidence of patients who had limitations in life support in our ICU was low but accounted for a Older age, severe acute diseases and chronic comorbidities were associated with the decision to limit life support. After the decision to limit life support, the majority of the patients died in the hospital although a small number of them did survive to hospital discharge. Long-term survival after hospital discharge was, however, very rare in these patients.
